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(54) FIELD EMISSION DISPLAY AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To carry out pattern 

formation without using a mask and lower the cost by /^S /TT^SSO 

providing fine spherical bodies randomly in a pattern on a ■ ~* rr ^ V/ 

dielectric layer formed on a silicon layer. 

SOLUTION: A silicon layer 810 is formed on a glass or 

quartz substrate 800 by deposition and oxidized to form <gjQ i 
an oxide dielectric body 820 layer. Fine spherical bodies 



830 are deposited in a randomly separated pattern on m *$CQ 

the dielectric layer. Further, the pattern of the fine 
spherical bodies 830 is transferred to the dielectric body 
820 by anisotropic etching method to form island parts. 
Emitters 812 having sharp tip parts are formed at the 

positions where the island parts exist are formed by ffila 
etching and deposition steps to give a display structure ^ ^ A ^ 

body. The structure body however is not a strictly 
geometric array but consists emitters at random 
intervals. In this way, without using a mask, self-aligned 
pattern formation with high density can be carried out 
and the cost is lowered. 
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(57) [g^] 

Xx>y7°^ffifflLTJl5»hll^I^gB (W^, «^ 

$X-r>y7°tt, ^£-Mte^Ji (8 2 0) 'sffifcfiff 
(8 3 0) %tt^?%Z.tlc£-DTfit>tl%o 

i%<D^rztiv~mm*mmt%o for, 



A A /T 



1 

Itmm 1 ] *l$»JE5v^ £ ni?Ify U «y H 

(a) H-$S14ifIg£Ji*ffi&U 

(b) mmm-mmm<D±{cm=.mnwm^m^. 

( c ) vy^A*/^-y^Mi2m-ii±fcif*wt?f 

(d) ma? yy^'^-y^Mmm-B^m-z 

10 

(e) Mf3lgHIRt>1grS£^-yjfMU fioM 

*? fioMIB^IKfS^x 5 -y 9 5 * § 7 W £D#^ O— 

[If*Ifl2] fl^S Hcfc^T, mmm-mnm^y 20 
[lifsRri 3 ] If 1 tcfe^T, MfBXx >y 7° ( c ) 

4 ] If3j<lB 1 tc&t^T, MEXx-y 7° ( c ) 

[!S*iB5] ffjMl fcfe^T, MfBX-r>y7° (c) 

[0 0 0 1 ] 

tB-rV X7° w&tPe ©sat^cua?- § fco-e&So 

[0 0 0 2] 

1 9 2 0^^196 O^tC^HtTH^WfSB^ 

^T5^ffiw%atriTSo/cK^ms«« 1 9 6 omx 

RZf 1 9 7 O^tM^V U 7 KXr- h&ffifcfctj 
T«{£5££k:fit»*5nfco (h7^iiti, 19 
5 0^WtS§S^«Sffli^^^ 
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L^LW5, 1 9 8 JSS^^n^I 

[0 0 0 3] C<D&mc&^Tfr%V(DWMtf-&ttl, 
fiO^ < <Dffl&& 1 9 8 8 *E&J&<D I E E E • - f y # — 

ny7xbyxt;joi/->Tffi J &£ftTi/^o z.fttb<Dny 

[0004] «w^m-rvx7°w 

7°W^SjgtcM-r§feOTfe5c I«OS2f-fX7 

[0 0 0 5] C RT7^X7°W£tt$3LT7v#2;&tf 
fiS^L < M'J^-tir/cT^TV 7"v h V >? Tiffin* 4 
X7V-1' (AMLCD) kLT077'yh^W^X 
7° b ti , 0 IJ A 5 ^ 7° F >y 7° 3 y ¥ a. - ^ ^> ^ - ^ 7' 

1 feiS^iR®©/J^'r-rxyL^rSffi v e£5*\ A M L C 

Sldr^lJ^if^^ KmUgfEHs JfcXf AMLCD 
O/^y ^ b fcfcl^TTKSB^SC^ffiffl'r 5 d t (Dim 

[0 0 0 6] m^m-rV7.7°U-Y (FED) ti AM L 

T (fljx.^\ ^ (camcorder) — 

7T^y^\ HMD, OT^A-K'JX7tft^tffi 



(3) 

3 

ffi&O LCD tttm bT«n/c#14«# l/£V5„ C (0 
■rV X7° W©P^<DJg£, ^^JjftRO&S^ftfco 
l/^TtttWfS., IK> F EDfcV/n F^-O'fr^jg'x 

[0 0 0 7] l&SiW«;*A3-^i£a-7r-i'>'^{iii 
ti^O. 55^y^^60. 7-1'yf•l^)fEHl^'rV7,7' , 

X7°W«U 9 6, 0 0 0^5 1 8 0, 0 0 0 10 

fBOFyhSt Xli3 2, 0 0 0»5 6 0, 0 0 01 

r-fyp-r-fxris-ite, mn, mi 5 f t-L£Kffl 
•TSo 1 5 f t -ucfci^T, A§y^*o. 5 5-r>f- 
caiacRT^ i -7r-i'y^o. 9W^ria~r 

§o ^y7 5-f F^WtSO. C Dfi 

0. 5W£ffiftf S D 1 0 0, 8 0 0ffl<DK 

7hXfi3 3, 6 0 0t!cr)7;l/-*^-t: o ^-t;l/^Wr 

Sdtjb^-efesct^iE^nT^So 20 

±g*?iJ*Tfe5 0 &-t?&5l& Cft^ggtCfet^T 
5*i'S'#S3frS>t?£5o Mfc^ AMLCDtttSHr' 

*)Sffl mm ic t + # tc msn? jsg-r § t © « * 
^tr a-7r^>'^/^y$-&§ti^-ess 0 LCDC 

[0 0 0 8] l v ftMftf±7^y h^*;W*-f 30 
>Xf§^{*3-r^>^Wr§7x-X7°P-h^^ 

Ctffnim-Z&Zo 7 x - X7V- h tigS^* V 7°£ 
^LT^-X7V-F^»l£ftT&D, J/oUfb 
fc? +J- i: Bf IfftS 7 x -7; 7W F ^-7, 7V- 
F ^©P^^SW&x^F^fc^T. ytgPOAfa 40 
]±if eft r 7° F £ff Ltttf 5 C fclftit LT 

5 -y ^ tfflttWKfflttl?'; -y Ftcft LTIEO'Sffi^Mra 
[0 0 0 9] MtH7"U 7 Ftxvy Zfttm t OfflfcS 
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•1i/c±I^t7r7'5' • Sfrh'^l* (Fowl e r-N 
ordheim) tfg^tt, ffl^ H 1 ©*?»ffl7*a 

^T^OTclEH^SfeO^it^ftSo CC7777 

LT^ffflftlfi^ftSnTV^tCDtt, Spin 

d t et ai. ^vr^ynm^mt^mmn^ 

tmXV- F«»IW#14 (Physical Pro 
pertiesof Thin Film Field 
Emission Cathodes with M 
olybdenum Cones) J > 47 ^J^—flV 
• *7 • 7751' F • 7Y> ?, y^7>5 2 4 8 (1 9 7 
6) <D£fWSD, *ft£3lfflfc«koT#IE*ffl«MW& 
£?- 

[0 0 10] V£7*#Rr8B#7-F E Dx-rX7W©tt 

ii^c, C r o s t e t a 1 . ©*B#fFlt 
3, 5 0 0, 1 0 2^c£oTfg/>£ftfc 0 e<DC r o 
s t e t a 1 . ©ffi&K^T, M^fm^tHC^ 
oTltW^*5V^TglO(D~'OC)^5--t!T : ^F E DfV 
x7WtfMI8Sft;fc„ y^yxicmfz L E T/P I 
XELOSf^(i*7->'-^yv't;l/F E D7°n F^-f 
7°?:^liEL, fiov-i' ^nyf : VX7 0 H'©W^«*BI 
£t!^TSIBI*5-F E D7°n F ^-Y7^HIIL/Co 

[00 11] «WS(ai7 : VX7 0 W^^-X7 0 U-F 

?si4fb?^§^< ©fiWit§c t^Riig-pa&So 

Id) *5 it S gfb^%4 » tDSffi^fS ffl 

& 5>ftV\ SficD#7 U-A^D7 v 7°r- F fcfe^S^ 

[0 0 12] 3RW7 W^?>4x.5.n/c7b-Atc*3^ 

F«3 cDfH 4? CD H° 7 ^;KDfg^*^\f*|& £ ft 5 
mtoZ*£%b, ^tDt 0 7-tr;l/0®a^tito^ft§ 0 ^< 

mm^mm^o w&^^y^mtmt ^^~y 
%K#(D^—y7>7-yz.i / $, -fV T.T'P-r ^7 v~- hr 



(4) 
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-T X 7° W O^fc fi&g t £ft 5 7 1/- ABSRBfcH o 

i^KoHfi^^-r^c^^pii^LTv^o (7b 

t ^ y ^ A & H»<D jgifr<D 7 U >y # £ HI jBT § * £ « 
1/6 0©£S*SB3fWjb<&gfc£*l3o ) 
^e)nft7WAE^Tx5-yi/ay <M) 71/ 

mtz^%ztx&% a 

[0 0 13] lff f ^-f f -<X7'Wt<:feVTffifflf Sfcfe 
O^KtUT W<0— OOg|^±MbfcC r o s t 
e t a 1. ©ISiffciBIKSft-CVSo CO&ffitcfel^ 

aoflsa^y «y f#x5 v ton KtiLxmn -rs 

UXf § 1 *cOIt**MW^7 K UXT« c fctc 
<£oT, 7U-ArtcD#£Ob°^-fe;l/*W±ft:?n§o 
( rt°^-fe;l/j i:v^ffl!§^T ; VX7 B P^ll?t*3i/^T 

T'WOif fctfW*.3o ^ifflStfet^T 

^-X7V^hcDS^&tB#!ia^\ «^ttixVX7V 30 

/ osw^sf £ ts it s w^Rr/w^iss-e* ^ 

fee 19 6 O^fflfcfc^T, 0^7 7 -y W^* 

J^mmc X i XW LMi6 5> ti/c £ n v $/ - > ?W 

LfcSpindt e t a 1 . ©XifttiEfESttTl^ 

p i n d t S . R . I . ic £ o Tfr fc&^Mgtf MfS 

[0014] ^<ds^(4, wmwyj^y^'SLXs^. 
vi-ymm hx&mmmrt-v hv >y ^Knap^ 40 

^x^iiffl^T^o ^(Dim^m^mwmt^t, ft 
*y yx>P3ii^w$ns 0 m-^jg^o^y 7-f 
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h (S p i n d t) fc^ffifu S.o^-(DlSmff & 

[0 0 15] C(D*ftW*Xtfy h&fB«faf£k:fcS?> 

*/cfC^ffl$nTV^ 0 y^Xvx^y^^-y^^ilfL 
U7h*7i!lil, 7 7^j£§%if<9@HS^x^y 
2#SBtT SfcJ&fcH e n r y G r a y&tfJfCDfifilC 

<fc o r^*©gij©K^p^*nfco 

[0 0 16] j»ffl®mf<:*rr£totti?y >y KcS^fifi 

W?nfc*?tt^y -y KWffitcfcoTiHiiR^nse: a t 
iS<fc#fif S^U -y K*ffi^J;orA«^tB 

[0 0 17] gSM^tttB^y ^y KSl5!Ji-rsgiJ©7 
7°n-^-e«, -rW/ 3 y (±«) > WJi&^7x-y 
hx-yf-y^<7)li^^{£ffl1-§o COKtBKfe^T 
tt, x 5 >y «fc t) /J^SHt^ fx 5 y ^ 5feflSSSP_h tc: 

Bftft^y 3y®©±t, wita^y -y F^ffM-rs/c^o 

SfiJ^a, X 5 -y ^5fei»cofflg[5ti«$nfcti®<D 
« s x^y^S^OjgiSS^WrSSfS^y Ktx 

x 5 >y ^ ±tD#*ttt/M^J§I 0 <D^3t W%J^ t iS U 

t^t^ccDPM^fc^T, x^'y^tffi^fcga^ 
^SWffi^y <y K*^fig$ti5o ^v7°ip-55 l cW*7 
i7h (t^x -y ^£?t o T^g|3«j§l D ©ziffif k>> 

y n^s^stss?, -iwti/y nyrttaiasnj. 
4»£»ms-e, ^oT^CT^iiiLT^nfc f e do 

[0 0 18] £<DW«7°P-feX^ gBS^, 

y V ^"^ 7 ^ < if Hfc «fc § 7V v ¥%WM 
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mmmc , m^j&ftj© toic&g t $ ns fflta«i±^M 
^■es/hs&^U'y KUti^^So cn^ 10 

ia«±g£Wt-St^-7 W^c&^T^x^y^te, 

ttmy; >y j;oTEnjijp$n§«i?oi$st ioTs 
m^m(Di±mmmc^z.z>BW<Drcmcj:^ «y $/ 3 

RltlTfeSo cn&<D?jj|l&, ^ftSS?S£fcB©7 7 7 
a&Ufc&ftf-f 5 c <fc 0 fcUi^ $ n 5 o 

[0019] f-v^w^rc^mrM^mttinmcmi 

%£-f S d i:<Dnjflg!&^'; -y KSffiTr-r *7 Wrt© 

iB^jiW^Kt^snr^So complin l/cx 

5 <y #iSfttt, 7 WrtO^tciiSV^^tOx' >y 
5 -y ^«77W>'3 yxtt^officiHWft^bS 

1tM«7-^£Jg£2^5tI^&D, ^«&7-^ 

[0020] n^^v$mmmm^ic$5tf%nmi 

<y £ ««»JPM]||£ 5 7 7°n - f- 

ti, x5'y#<07 Wfcffl4©x = <y#<pffi#fcfcfUI 

(N A S AiaoTPI^Snfi^f y n e 
L . Lees K> m^m^ r tt^ffiSffi^Sii 50 
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KTS#ffiRtfg1I (Method and Appa 
ratus Limiting Field Emis 
sion Current)j T?SS*S1# ffffg 3 , 6 
7 1, 7 9 8^{CfBiSc2tlTl^) fi, #X='y**"y 

[0021] wm&wt^-xt htcwmmrfti- 

^Hi, ^3~^7Xm±mc^xm^ttl, Ron 
J i u n L e e <0n±^iC$dMlE tiX ^ 0 . *-ftt± 

ZiT^mmWlcW.&teo (K. Lee, r«^x> 
<y^7U"Y*V-KO«MSiJR| (Current Li 
miting of Field Emitter A 
rray Cathodes) J , v'a-^TI^ 
TOl^{C*3^Stf±I§^ 1 9 8 6^8J^, U. 
M. MS§8 6-2 8, 3 5 9) ^£Dlf ±ii£fC|E 

T cDS^MPif S /ci6 lc i/ U n y £ S ±f tt? 

[0 0 2 2] *W$ajfVX7°W£>7x-X7°U-h 

lis fie*<ocRTfcfett«fe©i:rai;stt««:i*iawis 

>--v;l/77°n-^ (71x-A>—^ry>'^;l/X«Bf^ffl 

David L. P o s t <D 2 2 1 0 7°D i/— U > X 
• • S P I E 2 (1 9 9 4), StfT a n n a s <D 
rW^VXT'U-l'tCfcntS*^- (Color in 
Electronic Displays).], 45 

7jV<y?X • h^-rV, No. 1 2, 1 9 9 2^12 

[0 0 2 3] 4•B^fflW^C^bTV^{St^^^TO 
a-^^x^, ^>y7°hy7 ,> 3y^a.-^&tj : *^-^ 

A3-^ea-7r-fy^Htfei^T€ffl$nsfc(D 

ti, R, G, BFyh<OC I J; o TJFM 

g|^nfcR/G/B K«y h%— ^DlJtlfc*7-B 
[0 0 2 4] SKA^-xVXT 0 ^^, at, 
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x7W©nyh^xFft^a / >£'t±J.oii{f!£ r7 
^yi^77hj i^iffifcS-eSfgfrfcfcSo 7x-X 

[0 0 2 5] miRXf2K7jkLrc£5lc, «^#£tHxV 

cDX^—tm^V X7°b-f<DJi£ C 

0 l/^Tff <$IM&7x-X7°U-b 

&^-x7°u- h %mm? % c i:*^r^$5 * 5 1 

-£fekf&?>&l/\ -rV X7W ©77 >y h U ^7vnl 

a— ^'^^fLTM^^i/^dfc^X^-^^IH 20 

[0 0 2 6] F ED7i-^l/-hOgfi69HttBC 
R T 7 x - X Y £ 4ffllcm®L L T V> 5 ft\ Sfi W 

F E D « C R T <fc »3 1, 7 x-X7V- h 5 <9|£??M 
K:ftbT!l#l4#Hg< , ffioTg^fl-pSIfeOS? 
JSSfflfctf 7 x-X7V- h o^^fcsns. 
W^tHrV X7°W©#7- Kte7x-X7V- h 

bT 5 fiof±*w^^fi^M taotiin 

[0 0 2 7] UMt, FED», ^©CRTOtO 

J: 0 & 0 fg<^ 7 / - F fUEET?i6^ £ n § „ x^— f- 

»co^t&, ^n^sAi^Ri^ 40 

&ni±%mmt% a 7/- vmimi±*mmir%mfa<D 

#*&mtZ<l£'Q&5o 7x-X7°L--F t^-X7° 50 
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^m%m'j>z&& ctfcmSit&ff, mmmmt^tc 

[0 0 2 8] 7x-X7°U—h±^%^*^^^-y^ 
$ L Mo^gftttfc 7 x -X TV- h ^3g3t £ ^fio 7 
x-X7V- h'NEPAPl-SBufc^^g^fflELE'O 

MTf 3 7 0 n-feX«F E DOMja^fel/^TfiS^feO-C 5 

R TRtWiJ: D^"9fg^«J±Tffi]ff-r§K^7tx 
>f XTV^OfigfcflJfttffcStf, «©C RTttF E 

Ma, RXfy x-X7V-h^\cD?g)tf*<^X^"J--y 

Jc^^5^yxn-x^ y^fcJ&jg-TS c 4: t& 
§o iSWEECRT MDOlOf<yKl* 

§ 0 F EDB J: D{gV^T7- KWEEfcfigfflfS © T\ 5§ 
TtMgfi^X ^7 U --y^W ^rV y ^7°P-bX 

[0 0 2 9] ^^S^filtLfiO^^li^fc, % 

tfoimrcfr e & 5o * b if oM^tc j; -3 rmm 

[0 0 3 0] F E DfflCDX^— ^<D*f fiScfilfc^Tflili^ 

[0 0 3 1 ] -StDWW^^X h^f£fflt§X^-^ 
7-+x^^^«, 7x-X7°U-F t^-X7°b-h 

t <om<omf o^</«>&^x § c i: ic X o r«ia^ 
r- * £ £ s isfs^fg^-r s RTtgtto s 5 urn wj±7jtg 
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[0032] ^m&v&s^—yrfmfimtL'cmz 
ftmbrmmz&rcxvrz fb^sr na^TSs 

<fc 5 8t'>fr £ *5 # S ^ 

* UVvWj 7^ F77°n-^+^c$tfc£tl3*ft 

fc^TflHS^nTfeOflOL E T I t ioTSjg^tl 
fc7°n F^7V5rV7;7V^c:fc^T{£ffl£tlT^ 10 
fc 0 (Meyer cDiit 7°n 'J y^'X • ^ y $ — 

ny7iUyX6 (19 9 1)#M) tf^XSJifiF ED 
<DW<D$m±, 7 X-X7V-F ^-X7°U- F fc£> 

-e$5o feds, s-n^is-f 

?>o 

[0 0 3 3] MftmmF E D{±X^— 9"%S#*fc4&fc: 

fe§„ CCMfM^ftX-^— 9-«7x-X7°L^-hi;^ 
-X7V- F fcCflCtlWSfflW^^xSjSfl 

m m < * - y m k. & s it i^itTffiB2 € s c 

x.So en&o>hS&Eg<0$£{£ffl-r5<:i:k:<fcoT 
S3g$tl/c7x-X7V- F t-^-xfu- h kvmv 
Rv^> «y 7*t±r X7*U-f <DJ&£., «±7;£ ^ F* 

[0 0 3 4] ^<©^^P.O^tH^t±^7-K:ft# 40 

f 5 & & 9 tgflns n/cWM^M^^ n/fc 7 / - f« 

#^i-rV X7V^<Dl?t^P^K:WtMIS/c 0 

§0 ^0^7tf*©«mWIS^W^ 7x-X7°l— F 

*^T?S5*V X-^— i^X^y F^7t^£ti|;ta£ 
c t fc: £ o T#JWfc:KS£-£*. set 

So 

[0 0 3 5] WT©*iW«, ^T?lffl(Cj;oT*0j5W 50 
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cDT&raT, af^tH-rV X7°W fcfctfS 
lift ©SffizK^&tf^ COS#JO IfflfSRtf nJBEfcgJ&tfJfc 
yS-Tfe^-efeSo Curtin ^WBRt* 4 X7\s 
-{ : ffbl/^79^ F/^;I/&#j (The field 
emission display: a new f 
lat panel t e chno 1 ogy) J , 3> 

7x^yx • bn-F • *7*- +f • 1991 • -ry^— 

12 (1991) Derbyshire TAMLCD 
%Mz-Z>i>(D : MKtrjxVX7°W ? (Beyond 
AMLCDs : field emission d 

i s p 1 a y s ?) J 3 7 V U y F • Xr-F • -r^/ 
P-^no. lip. 55 (1 9 9 4^1 1 £j ) ;Ghi 

s e t a i . m±mM^mm nytm^&7* 

-r* 7.7 U-l (Sealed vacuum devic 
e s : fluorescent microtip 
displays)] 38IEEE h^yXTti/a > 
X-xl/^hD>-f/U^X2 3 2 0 (1 9 9 
1 ) ; H u n t e t a 1 . Ti/iJ nyH^tB^-f' 

tuttx^mwnwmBixfntmftm (struct 

ure and Elecrical Charact 
eristics of Silicon Field 
-Em i ss ionMi croel ect roni c 
Devices)] 38IEEEF7 yXT Wa yX 
•xl/^fn>-f/U>'-X2 3 0 9 (1 9 9 1) ; 
K e s 1 in g&tf H u n t ^^^75- y brt*>l> 
7 t 4X?l'4f&\Z~-k7*~i3v ; >/y>? (Beam f 
ocusing for field — emissio 
nflat — panel displays)] 421 

e e e b^yXrtya yX • iP^fDy • fj^i/ 

—X3 40 (1995) JLabruni eRtfMey 
e r rfrf!&^7V)jKmi47^y F/^^;l/rV X7°U 

(Novel type of emissive f 
lat panel display: the ma 
trixedcold — cathode microt 
ip fluorescent display)] 8 

f^x7WX • T9/ui? ' ry f • rfv^r— */a 

yXn o. 137 (198 7) ;Levine TH^x 

jlffl (Statistical analysis o 
f field emitter emissivit 
y : application to flat di 
splays)] 13 V^—ffy • #7* • i^u.— A • 
^iyX-7yF-f^/nyB 5 5 3 (1 9 9 
5);Marcuset al. ^ \ nm^-WtM't^ 
i/V nyftfflBVBtiii. (Format ionof Si 
licon Tips with 1 nm Radi 
u s) J 5 6 77°^ F • ~7ji?ytX • (1 9 

90);McGruer et al. rMit&j&it? 
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- MMI¥x^y£7 W^ntX (O x i d a t i o 
n — Sharpened Gated FieldEm 
itter Array Process) J 38IE 
E E hyyXTVi/syX • i^hny • r^Y^ 
X 2389 (1991) JRavi et a 1 . Ti> 
V xyJt^iDmit&mt (Oxidation Sh 
arpening of Silicon Tip 
s) J 9 i>>-t;V • t7 • A^a-i ■ ^Xy-X • 
f^/ni/B 2733 (1991) ; Spindt e 
t al. rj^f^xV X7V-ncMT &«^X^y io 
# 7 (Field — emitter arrays 

to vacuum fluorescent di 
splay) J 36IEEE r- v^Xr^a yX - x 
\yj hny • •fVWv'— X2 2 5 ( 1 9 8 9) iSpi 
n d t e t a 1 . fM'^ftf^ ^^W^UfflSn 
fttWx5 7?7W (Field emitter 
arrays applied to a vacuu 
m fluorescent display)] 49 
i>>— • /I/ • 7-r" i>— 5 • 1 5 3 

(1988) iTruj i 1 lo et al. r<>x 20 
•y h f t^x < y y ^ \c X 5 £ n i^ffl y 
3y»mffiCfflj&©SJg (Fabrication of 

Silicon Field Emission P 
oints for Vacuum Mi c roe 1 e 
ctronics by Wet Chemical 
Etching)] • -tMxyx • f 

^yn> ? 2 2 3 (1 9 9 1 ) lUrayama et 
a 1 . TRUttifflxS-y^Sjg (F a b r i c a t 
ion of Cone — Like field Em 
i t t e r s) J B#£ffl*&ratB£©5 3@fKfc*:#© 30 
I^77*Xh7^F, No. 2, 19a-ZM-6, 
p. 553 (1992) ;Vaudaine RXlU e y 
e r r^/Jv^gPi^xV X7°W (M i c r o t i p 
s fluorescent display)] 19 
9 1 I E DMr^-A/W^iX h 1 9 7 ; Y o k o 

0 et ai. m^z-^vzris^tDfimnjfiivm 

M^M'M (Active control of th 
e emission current of fie 
Id emitter arrays)] 13 i^^—i' 
iV - • /^a-A • t-fxyx -7yK« f^/n 40 
*JB 4 9 1 (1 9 9 5) o 

[0 0 3 6] SiiiSffitcMfS^nWftSffi^aRt; 

m3, 66 5, 2 4 1f (Spindt et a 

1 . ) ; *B#f£!! 3, 755, 7 0 4§ (Spind 
t e t a 1 . ) ; iKBftfFfg 3 , 8 1 2, 5 5 9^ 
(Spindt et al.); tKB#¥F^3, 8 4 
3, 4 2 7§ (ESDONK et al.); 

fF®3, 8 7 5, 4 4 2^ (Was a eta 50 
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1 . ) ; *B#fF^3, 921, 0 2 2^ (Levin 
e) ;^S#fflg3, 953, 7 5 6§ (Monf ro 
y e t a 1 . ) ; ^Blffri! 3, 970, 8 8 7^ 
(Smith et al.); ^S^fF^ 3 , 9 9 

8, 6 7 8§ (Fukase et al.) ; 
frSM , 006, 3 8 3§ (Luo et al.); 
*BftfF^4, 0 0 8, 4 1 2^ (Yui to et 

a 1 . ) ; *B#fFlt 4, 042, 8 5 4^ (Luo 
e t a 1 . ) ; *D$#ff!l 4, 091, 3 0 5^ (P 

0 1 e y e t a 1 . ) ; *B# If f! 4 , 114, 0 
7 0^(Asars) ; ^B^ ft S! 4 , 16 8, 213 
f (Hoeberechts) ; *Sf#fFlg 4 , 18 

3, 1 2 5 -Jf (Meyer et al.); *Bf#fF 
H4, 1 9 3, 2 2 6# (G i 1 1 , J r . e t a 

1 . ) ; i^B^frlt 4 , 196, 0 4 1§ (Baghd 
a d i e t a 1 . ) ; *B#fF W, 4 , 3 10, 38 
0*§ (F 1 amm et a 1 . ) ; ^B#f^l 4 , 3 
72, 033^(Chiao) ; ^SUffFll 4 , 4 1 

9, 8 11^ (Rice) ;M#fri3 4, 4 2 2, 7 
31^(Droguet et al.); *B#!£!t 

4, 4 5 1, 7 5 9^ (Heyni sch et a 

1 . ) ; *B#fFH4, 4 9 8, 9 5 2^ (Chris 
ten sen) ; *B#frif! 4 , 5 1 3, 3 0 8f (G 
reeneet al.); *B#fF^ 4 , 6 3 9, 2 
88f (Price e t a 1 . ) ; *B^ff?4, 
666, 5 5 3^ (B 1 ume n f e 1 d et a 
1 . ) ; #S1$fF® 4, 670, 0 9 7^ (Abda 1 
la e t a 1 . ) ; *H13TO 4 , 6 7 1, 8 5 1 
§(Beyer et al.); *ffl#l^ 4,74 
1, 7 9 9t (Chen et al.); *B#fFH 
4, 7 4 6, 6 2 9^ (H a n a g a s s a k i ) ; 
B#fF®4, 857, 4 7 8§ (Niwanoet a 
1. ) ; *S!g fF® 4 , 8 5 9, 0 6 3f (Fay e 
t a 1 . ) ; ^B#!^ 4, 874, 9 8 1 § (Sp 
indt) ;*S1#itfI4, 923, 4 2 1^(Bro 
die e t a 1 . ) ; *B'#f^ll 4 , 9 4 3, 3 4 
3^f (B a r d a i e t a 1 . ) ; *ffl^f^4, 
9 5 0, 5 6 9^ (May) ;*B#fFi!4, 9 6 4, 
9 4 6^ (Gray e t a 1 . ) ; *B^|g4, 
9 6 8, 3 8 2^ (Jacobson et a 
1 . ) ; ytmmm 4, 968, 5 8 5§ (Albre 
c h t e t a 1 . ) ; *B# f^lg 4 , 9 8 3, 8 7 
8f (Lee e t a 1 . ) ; ^Blf fFH? 4 , 9 8 
6, 8 7 6^ (Zeto e t a 1 . ) ; WWFfg 
4, 9 8 6, 8 7 m (T a c h i e t a 1 . ) ; 
*BI ! ftf^4, 988, 6 3 7^ (D hong et 
a 1 . ) ; ^mm^4, 997, 7 8 0f (S z 1 u 
k e t a 1 . ) ; %mftft% 5 , 0 3 6, 0 1 5^ 
(Sandhu et al.); *B'#f^ 5,05 
1, 3 7 9^ (Bayer et al.); *S#fF 
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H5, 055, 158^- (Gallagher et 
a 1 . ) ; %mm$Wl 5, 063, 3 2 3 ^§ (Long 

0 e t a 1 . ) ; TKHMfFlt 5, 064, 3 9 6 -5§ 
(Spindt et a 1 . ) ; *B$#fFlg 5 , 0 6 

6, 3 5 8§ (Quate et a 1 . ) ; *B# ff 
0 7 0, 2 8 2§ (Epszteln et a 

1 . ) ; frig 5, 081, 4 2 1§ (Mi 1 1 e 
r e t a 1 . ) ; 3RH#fFfi! 5, 082, 5 2 4^ 
(Cat hey) ;*S#frH5, 0 8 3, 9 5 8-5§ 
(Longo e t a 1 . ) ; *Hf#ff!jg 5,0 9 4, 10 

712^ (Becker et a 1 . ) ; JKS^fF^ 
5, 100, 355-^ (Marcus et a 

1 . ) ; *B#s^ 5, 104, 517^(Scot 
t) ;*Hf#fr!g5, 143, 8 2 0^ (Kotech 
a e t a 1 . ) ; JKffllffF^ 5 , 15 1, 0 6 1 

; fF^ 5 , 1 8 6, 6 7 0^(Doan et 

a 1 . ) ; *B#rfi! 5, 194, 7 8 0§ (Mey 
e r ) ; *B#fr^ 5, 199, 9 17^ (MacDo 
n a 1 d e t a 1 . ) ; ^mWt^W 5 , 2 0 1, 9 9 

2 ^ (Marcus et a 1 . ) I *Hf#fF^ 5 , 20 

2 0 5, 7 7 0^ (Lowrey et al.) ; Jfc 
H#frlt 5, 217, 401f (Watanabe e 
t a 1 . ) ; *ffl#fri§5, 229, 3 3 1^ (Do 
an e t a 1 . ) ; *Hf# frit 5 , 2 3 2, 5 4 9 
^ (Cathey et al.); *ffl#fFif 5 , 2 

3 2, 5 4 9^ (Cathey et al.) ; tRB 
m$Wi5, 2 4 6, 4 6 8§ (Takahashi e 
t a 1 . ) ; *n#fFH5, 259, 7 9 9^ (Do 
an e t a 1 . ) ; *S#!^ 5, 266, 5 3 0 # 
(Bagley et al.) ; ^Blfff-fl 5 , 3 0 30 
2, 2 3 9 ^ ; *B1f H'f H 5 , 3 2 9, 2 0 7^ (Ca 
they e t a 1 . ) ; *H#ff H 5 , 3 4 2, 4 
77^ (Cathey) ; *B#rFfr5 5 , 3 5 8, 9 0 

8 ^ ; *S#ff|! 5 , 3 7 2, 9 0 1 ^ ; KMWIftm 
5, 372, 973-^f; ^HffrFlg 5 , 3 7 4, 8 6 8 
§; EP 1 6 6 2 5 (3/1 9 9 1 ) ; 31 

H&P»fl&$B 2 2 0 9 4 3 2 (5/1 9 8 9) ; JP56 
- 1 6 0 7 4 0 ( 1 2/1 9 8 1) ; JP 60-4 9 6 
26 (3/1985) ; JP 1 -2 2 0 3 3 O (9/1 
989) ; JP 2- 1 6 5 5 4 0 (6/1990) ; J 40 
P2-260412 (10/1990) ; J P3-1 4 

4 5 3 (6/1 9 9 1 ) ; J P 3- 1 7 9 6 3 0 (8/ 
1991) „ 

[0 0 3 7] 

SCfcfcSWfcfSo 50 
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[0 0 3 8] 

# - y w&m^mnMLT &##-r s c t «t ^ rmwa 

tBSS (it 7 ^ Fx 5 >r> h yfV X , IP 

-rSv^^fcLTffiffl-rSCii^Br^feSo l)£oTs 

B) t*3^T«, £«6%£V-F (fi® tixWW 
£ SlfM" 5 JbV «MO^/)P £ ii a A,©flfr MKf 5 ft 

otl^ |p] © 7" U- y ^"y y £ HI j&f s © t &g i: £ ft 3 
[0 0 3 9] fi^T, ffifMftVL S I UV^ 

97-< mmmm tzzt ttztn^ m^m 
[o o 4 o] nnn^imt^nt^x-DT, ?-n 

[0041] aa-r^t-cssa^ ^ws^ttuiEPis 
tttf $ s & * ©is 3 x h cd * * - a**?^ 

»l«ft H^S-T 3 /cJ6(cllftj£ < ^ffl *tTT</^FJTlI 
rifUMSeJ 7°P-b7;t*3^Te? (TO 

[0042] mms^rm'f^^^ tbxmmm^ 

[0 0 4 3] 

o^T«TtpM5„ H 3 A - 3 E tt^qifcS-civ^ 
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TflflELfcXlfy h (S p i nd t) "/n-feZfcfcttS 

&m wft ^ r y ?s l t v o M^m^mmm k *= 

y°u -tr X <D fflfeftfc *3 v ^ T S 0 
[0 0 4 4] 0 3Att*%^n-lrXO^l®|Sg^b 

■>'J3» £$Jxtf#^xx«55l<o3K8 0 o_btc€»J 

3^8 1 0£g?{fc£"£TiMl8 2 Ofcjg 
Hcttl^o lf««l8 2 O^itlf^tfSCfc 

tfflmK$>%o ) 

03 C 1 tt^^yn-feXOMtC^Ogpg^LTfe 
?K ffi§«{*8 2 0±}C^y^A^g||5iL/c/^-y^ 
/hB£#8 3 0A«ntl^„ ^aff@*^SfififlJfcfe 20 

[0045] 03 C 2&03 C 1 OXf «y 7°k:*j"r §S 
JMlJ^bT^So dO^ff^lJ^fe^Tti, E£{*8 3 0 
^SfXS/cJ6t^hl^^XhS8 2 2MLTfct), 

[0 0 4 6] 03 Dtt#fS^yo-tx<D|g£&<z)®pg;& 
^ bTfe' t) , g#1£x 7 f-y ^f$ffl bTBSf* 8 3 0 (D 
rt* — y%W9.ft8 2 C\|gi&£HtT&:KSB8 2 4 30 

[0 0 4 7] 0 3 E&#^7°nirX©H^fi©l§Ri£ 

^lt*5d, tm<Dx.v?-y?Ri?mm cam xt7 

[0 0 4 8] «DXx^7°T«bT»£ 

j£tt£JMf 5„ (bfrbft^t,, *^t*oT»!Ji 

^AfcHfiffc^-f 5x5y^^oTV>5i:vajiSK:*5 40 
^T^*©#Mf*fcJ5ftoT</^ 0 ) 

a H# K X ? X MM £ ft 3 J: 5 £ . *0J!ffl» t IBic b tc 
ttftt/\, 

[0 0 4 9] Sit#fc£:oT0J3e>frftd;?^ 
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7°l!x5^ny^ h©it£7l^£^b/cXh9 

^ 7W- b *mm? & t §0 

[0 0 5 0] giJ^WJotl^fc^ Sfi»)Ift^l$J 
[0 0 5 1] MEgiJ©^S60J©Ji-&teti, fflMt^ 

[0052] MfcBU©^ffi08©Jf££«, 

[0 0 5 3] HtgiJ©flM?iJ©i§^«;. — o<D*®i<D 

c ©ft v^x 5 >y fftmiomm* V V ^7 7 ^ (c J; o 
r / w - y&WL L /c x^— 9- 1 jjg^-r set ^ mzx& 

So 

[0 0 5 4] jgtCgiJO^Mm^CfeV^Tfi, t7°->a y 
tfent§«^^b<^^fiox5^^ • y-US&fc 
[0 0 5 5] MfcgiJ©SISi6^Jc43^Tli, Ilft^jl© 

[0 0 5 6] *^©^f*W*SI©ig«^O^T 
[0ffi©ffiHfttOT 

ran ^smw^tBm^^^o-rae^ti^^ffi 

fV X/WO-i^L/cIIIIElo 

[02] 01 (Dmw.<DWt,mmmo 

[0 3 A] *^©-^jl«fcS^< fiifcCD 1 ©Pgfc 

[0 3 b ] ^mm-mmimm^ < 1 spgfc 
^tsmi^L/c«§0„ 

[0 3 C 1 ] *^BJ^cD-^/ifi«{cS^ < 1 

[0 3 C 2 ] *%HJ!cD-^ffl{?iJ^S^ < ^gfiO 1 SPg 
K 43 It 5 «SI^ b fc«B§0„ 

[0 3 d ] ^mmo-mmimcm-J < 1 
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